Abstract
Introduction
Prostate cancer (PCa) is the most common cancer in men and the second leading cause of death due to malignancy in men [1, 2] . The prostate specific antigen (PSA) revolutionized the diagnosis and the follow-up of PCa and the PCa incidence increase has been attributed to the widespread use of the everyday clinical practice of PSA [3, 4] . However, although PSA is the best biomarker for the diagnosis of PCa it has limitations due both to its low specificity and the inability to clearly discriminate significant high-risk PCa [2] [3] [4] [5] . PCA3 evolved and its addition to the PSA helped toward the improvement of our diagnostic accuracy particularly in a difficult group of patients with consecutive negative transrectal ultrasound-guided prostate biopsies (TRUS-b) but persistently elevated PSA and at the same time showed the way for the possible detection and use of novel urine biomarkers [1, 5] .
We prospectively evaluated the urine of 118 high-risk patients for PCa according to their PSA value (absolute value and kinetics) and digital rectal examination (DRE) who subsequently submitted to TRUS-b and examined the potential use as a novel urine biomarker of the platelet-derived growth factor-BB (PDGF-BB).
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Materials and Methods
This was a prospective study of the First University Urology Clinic, Laiko Hospital, the University of Athens, Greece, in conjunction with the Department of Pharmacology of the University of Athens. The study was approved by the scientific board and Ethics Committee of Laiko Hospital and the samples were collected between July 2009 and July 2013. Written informed consent was obtained from every patient after a detailed explanation of the purpose of the study.
Patients
The urine of 118 consecutive high risk for PCa patients were collected after a vigorous prostatic massage from an experienced urologist and immediately stored to -80˚C. All the patients made up the study population since according to statistical analysis this number of patients was adequate for the preliminary results and conclusions of the possible efficacy of PDGF-BB. The patients were candidates for a TRUS-b due to a positive DRE, and either due to an elevated PSA > 4 ng/ml or abnormal PSA kinetics (PSA velocity > 0.75 ng/ml/year). Exclusion criteria were an already diagnosed PCa, previous operation for benign prostatic hyperplasia (BPH), 5α-reductase inhibitor medications (finasteride and dutasteride), patients who had already submitted to a TRUS-b, and patients with PSA > 25 ng/ml. All the patients after a thorough medical history and the prostatic massage were submitted from different urologists in order to eliminate any influence from the results of the DRE during the sampling of the prostate (blind method) to a 10-core per prostatic lobe TRUS-b. Histology was performed by an experienced pathologist in a completely "blind'' method. The patients with a negative for PCa histology were the control group, meaning that the control group was not a selection of patients but a blind group that occurred in the same way as the PCa patients.
Enzyme-Linked Immunosorbent Assay (ELISA)
The urinary concentration of PDGF-BB was measured using ELISA kits according to the manufacturers' instructions (Elabscience Biotechnology Co., Ltd.).
PDGF-BB levels were determined using the Sandwich-ELISA method. Plates had been pre-coated with an antibody specific to PDGF-BB. Standards or samples were added to the appropriate micro ELISA plate wells and combined with the specific antibody. Then a biotinylated detection antibody specific for PDGF-BB and avidin horseradish peroxidase (HRP) conjugate were successively added to each plate well and incubated. The optical density (OD) was spectrophotometrically measured at a wavelength of 450 nm ± 2 nm. The OD value was proportional to the concentration of PDGF-BB. Then, the concentration of PDGF-BB, in the samples was determined by comparing the OD of the samples in the linear portion of the corresponding standard curve of each protein ( fig. 1 ). All samples were run in duplicate and the values were averaged. The urinary concentrations of PDGF-BB were measured using an ELISA kit according to the manufacturer's instructions (Elabscience Biotechnology Co., Ltd., Catalogue Number E-EL-H1577). The standard PDGF-BB and all the reagents are included in the ELISA kit, which are produced by using raw material from a world-renowned manufacturer and professional manufacturing technology of ELISA kits. The determination of urine concentrations of PDGF-BB took place using the ELISA method.
Initially, the OD for all samples was measured using an ELISA Reader machine. Therefore, the calculation of all concentrations was determined by using the standard curve and therefore all the data were compatible with quality assurance/quality control.
Since the concentration of any analysis in urine is influenced by the hydration status of each individual, the urinary levels of PDGF-BB were normalized by the urinary level of creatinine (PDGF-BB/Cr) and were expressed as ng/mg. Creatinine normalization is a standard procedure in the clinical laboratory for assessing the levels of biomarkers in urine.
Statistical Analysis
Quantitative variables are presented as mean and standard deviation (SD) and/or median (interquartile range = IQR). Qualitative variables are presented as absolute and relative frequencies. For the comparisons of proportions, chi-square and Fisher's exact tests were used. Student's t-tests were computed for the comparison of mean values when the distribution was normal and the Mann-Whitney test for the comparison of median values when the distribution was not normal. PDGF-BB and PDGF-BB/Cr were tested for their ability to predict prostate cancer, using receiver operating characteristic (ROC) curves. The overall performance of the ROC analysis was quantified by computing the area under the curve (AUC). An area of 1 indicated perfect performance, while 0.5 indicated a performance that was not different from chance. Using ROC analysis the optimal cut-offs along with the sensitivity and specificity were also determined. Logistic regression analysis in a stepwise method was used in order to find independent factors associated with prostate cancer. Adjusted odds ratios (OR) with 95% confidence intervals (95%CI) were computed from the results of the logistic regression analyses. Statistical significance was set at 0.05 and analyses were conducted using STATA statistical software (version 11.0).
Optical density measured at 450 nm
Concentration of PDGF-BB (pg/ml) Fig. 1 . Representative standard curve of PDGF-BB concentrations between 31.25 and 2,000 pg/ml. The y axis represents mean corrected absorbance (optical density) measured at 450 nm for the stated PDGF-BB concentrations on the x axis. The values were used to calculate PDGF-BB urine levels in prostate cancer samples.
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Results
The sample consisted of 118 men with a mean age of 65.5 years (SD = 8.6 years). Sample demographics and clinical characteristics are shown in table 1. Most of the patients were married (92.4%) and 28% were currently smokers. A family history of cancer and family history of prostate cancer were present in 51.7% and 19.5% of the sample, respectively. The mean PSA level was 9.1 (SD = 5.4) and 54 patients (46.2%) had a positive DRE. Forty patients had histopathologically verified prostate cancer, 26 showed prostatic intraepithelial neoplasia, and the histological examination did not reveal carcinoma in 52 patients. Table 2 shows the univariate association of study variables with PCa. Patients with PCa were older, had more frequent positive DREs and had greater levels of PSA, PDGF-BB, and PDGF-BB/Cr. ROC analysis (table 3) showed a significant predictive ability for PCa from PDGF-BB ( fig. 2 ) and PDGF-BB/ Cr ( fig. 3 ). The AUCs were 0.62 (95%CI: 0.51-0.72) and 0.64 (95%CI: 0.53-0.74) for PDGF-BB and PDGF-BB/ Cr, respectively. ROC curve analysis ( fig. 2) showed that the optimal cut-off of PDGF-BB for the prediction of PCa was 1504.9 with a sensitivity of 60% and a specificity of 51.3%. Furthermore, ROC analysis ( fig. 3) showed a cut-off of 1217.7 for PDGF-BB/Cr with a sensitivity of 67.5% and a specificity of 52.6%.
Separate analysis in patients with PSA levels 4-10 ng/ml, showed that PDGF-BB had a discriminative ability with AUC of 0.65 (table 3) . The optimal cut-off was Skarmoutsos/Skarmoutsos/Katafigiotis/ Tataki/Giagkini/Alamanis/Anastasiou/ Angelou/Duvdevani/Sitaras/ Constantinides 1534.5 for PDGF-BB with a sensitivity of 63.6% and a specificity of 55.7%. The discriminative ability of PDG-F-BB/Cr in patients with PSA levels 4-10 ng/ml did not reach statistical significance (p = 0.065).
When multiple logistic regression in a stepwise method was conducted (table 4), it was found that PDG-F-BB was independently associated with PCa. Specifically, for a 100 unit increase in PDGF-BB the likelihood for PCa increased about 4%. Other variables that were found to be independently associated with PCa were increased age, increased PSA, and positive DRE. 
Discussion
The most important trials concerning PCa screening and disease management of the prostate, lung, colon, and ovary, the European Randomized Study of Prostate Cancer, the Prostate Cancer Prevention Trial and Prostate Cancer Intervention Versus Observation Trial reached confusing and contradictory conclusions concerning PSA screening [3, [6] [7] [8] . The prostate, lung, colon, and ovary failed to show benefits from screening in PCa mortality, the European Randomized Study of Prostate Cancer concluded a 20% reduction in PCa death but also a high incidence of over-diagnosis, the Prostate Cancer Prevention Trial suggested that there is not a definite PSA threshold with high sensitivity and specificity and finally the Prostate Cancer Intervention Versus Observation Trial concluded that there is no benefit of treating localized PCa compared with only observation [3, [6] [7] [8] .
The conclusion is that PSA although the best biomarker to our disposal for the diagnosis of PCa is still far from the ideal biomarker both due to the fact that there is no accurate threshold that can be used with relative security for the diagnosis of PCa and that PSA also detects low-risk localized PCa that would never really be a threat to the survival of the patient, and thus submitting the patient to aggressive treatments (radical prostatectomy and radiation therapy) with severe inherent procedural complications such as incontinence and erectile dysfunction. Our goal is to improve the diagnostic accuracy of PSA especially in detecting high risk aggressive PCa and PCA3 was one of the first examples of urine biomarkers that evolved in PSA and helped in the discrimination of patients that needed a repeat biopsy after previous negative biopsies but a persistent elevated PSA, sparing an unnecessary invasive TRUS-b [9] . PDGF-BB has been connected to PCa in various studies [10, 11] . PCa cells produce PDGF-BB, which enables PCa cells to escape immunity surveillance [10] . The PDGF-BB receptor has been suggested to be over-expressed and activated during PCa progression [11] . Although PDGF-BB seems to participate in the pathophysiology of PCa and is overexpressed during the tumorigenic process, this is the first time its potential use has been examined as a urine biomarker. Even though urine is not an easy biological fluid to analyze due to its complex nature, it can be easily obtained with a non-invasive procedure and its anatomical relation to the prostate and the direct release of prostate cells and biochemical products in urine especially after a vigorous DRE makes urine ideal for biomarker testing [5] . PDGF-BB was easily detected and analyzed in urine without any technical difficulty concerning both the qualitative and the quantitative detection ( fig. 1) . Even though urinary levels of PDGF-BB were normalized according to creatinine, statistical analysis was performed both for PDGF-BB and PDGF-BB/Cr. Prostate cancer patients had greater levels of PDGF-BB and PDGF-BB/ cr (table 2) . The ROC curve analysis ( fig. 2) showed that the optimal cut-off of PDGF-BB for the prediction of PCa was 1504.9 with a sensitivity of 60% and a specificity of 51.3%, while the optimal cut-off ( fig. 3) for PDG-F-BB/Cr was 1217.7 with a sensitivity of 67.5% while maintaining a specificity of 52.6%. A separate analysis in order to evaluate the discriminative ability of PDGF-BB, was performed in the subpopulation of patients with a PSA 4-10ng/ml, which according to the previous used threshold for performing a TRUS-b (PSA > 4 ng/ml) was considered the grey zone of PSA. Although the levels of PSA were increased, the high levels were not necessarily attributed to PCa, but also to inflammation and BPH and these patients usually submitted to consecutive negative TRUS-b (table 3) [12] . In the subpopulation of patients with PSA 4-10 ng/ml, PDGF-BB with an optimal cutoff of 1534.5 had a discriminative ability with AUC of 0.65 (table 3) , with a sensitivity of 63.6% while maintaining a specificity of 55.7%. This is one of the most important results since an ideal biomarker must have the ability to diagnose the requested disease when it is localized (increased in relation to a predefined threshold, but low levels of PSA) and of course to discriminate the specific disease (PCa) from other conditions that could affect the biochemistry and confuse the diagnostic accuracy [13] . The subpopulation of patients with PSA 4-10 ng/ml is the group of patients that although being the best biomarker at our disposal, increased (PSA > 4 ng/ml) patients may suffer from prostatitis or BPH and the patients are submitted to numerous invasive negative TRUS-b with possible complications in order to reach a diagnosis explaining the rise of PCa and mainly in order to exclude PCa [2, 3] . An ideal biomarker could discriminate these conditions sparing the need of invasive and painful procedures such as TRUS-b [1, 13] . A contradictory result was that this discriminative ability in patients with PSA levels 4-10 ng/ml even though showing a clear trend, did not reach statistical significance (p = 0.065) when the levels of PDGF-BB were normalized according to creatinine levels. Nevertheless, the subpopulation of PSA 4-10ng/ ml is not the only problem of PSA as a biomarker, since there are patients (15% of PCa patients) with PSA < 4ng/ ml that are diagnosed with PCa on the Gleason score of 7 or higher and even patients with PSA < 1ng/ml have a Skarmoutsos/Skarmoutsos/Katafigiotis/ Tataki/Giagkini/Alamanis/Anastasiou/ Angelou/Duvdevani/Sitaras/ Constantinides 9% risk of being diagnosed with PCa [12] . An important parameter of a reliable biomarker is that its levels have a continuous relation with the under examination disease and higher levels indicate the presence of the disease and is specific for PCa. The ideal is that higher levels indicate high-risk disease [12, 14] . In our case a significant result was that PDGF-BB was independently associated with PCa and for a 100 unit increase in PDGF-BB increased the likelihood for PCa by about 4% when a multiple logistic regression in a stepwise method was conducted (table 4) . Creatinine normalization is a standard procedure in the clinical laboratory for assessing the levels of biomarkers in urine.
A recent review on creatinine normalization of albumin levels in the context of chronic kidney disease supports our choice of the normalization method [15] . Normalization to creatinine can provide results with more accuracy because the urine sample can be influenced by hematuria, a condition prevalent in patients with bladder cancer and other genitourinary disorders [15] .
Our limitations are possibly the small number of patients (n = 118) and the fact that we did not performed a correlation of the PDGF-BB levels with the Gleason score of the PCa patients. Of course this is an ongoing study and more results with a larger population and Gleason score correlation is planned.
Our strengths are that this is a prospective well-designed study that both patients with a negative histology and PCa were included and that in every step there was a blind method of acquiring and analyzing the data. Also PDGF-BB showed a clear signal in a difficult biological fluid such as urine without compromising the accurate detection of its levels.
Conclusion
PSA is still the best biomarker at our disposal for the diagnosis and follow-up of PCa but it is far from being characterized as the ideal biomarker. The inability to define an accurate threshold that definitely discriminates PCa patients from healthy individuals and of course the fact that PSA cannot diagnose high-risk PCa patients constitutes the imperative need of novel biomarkers. PDGF-BB showed significant predictive ability for PCa both in the overall population and the population with PSA 4-10 ng/ml where there are diagnostic dilemmas of patients with persistent increased levels of PSA but negative TRUS-b occurs. Of course, more studies are needed in order to establish PDGF-BB as a urine biomarker that could potentially help improve the diagnostic ability of PSA.
